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Appendix A
Quality Assurance Information

The tables presented in this appendix address the acceptance criteria (FY 98 Planning
and Control System [PACS], Participant Planning Sheet, Work Package 11017030M3,
Activity ID WP20BM3] for the Level 3 deliverable Waste Form Characteristics Report,
VersionÊ1.3. Table A-1 is the required ÒroadmapÓ that indicates where the criteria are met
in this report. Table A-2 is a list of the codes used for calculations discussed in this report,
including the versions used and whether the codes are qualified.

Table A-3 lists the significant data in the sections included in Version 1.3 and the related
data-tracking numbers (DTNs) from the Technical Data Management System (TDMS).

Because this CD-ROM version of the Waste Form Characteristics Report includes the
10Êsections updated in Version 1.3 and all the remaining unchanged sections published in
Version 1.2, Table A-4 has been added to indicate the QA status of significant data used
in the unchanged sections included from Version 1.2. QA requirements and document
guidelines have changed significantly since Versions 1.0 and 1.2 were published;
consequently, the qualified status of materials in those two versions has not been identified
nor verified, although some of the data may meet the definition of qualified data, as defined
in the glossary of the Office of Civilian Radioactive Waste Management (OCRWM), U.S.
Department of Energy (DOE) Quality Assurance Requirements and Description (QARD)
document, DOE/RW-0333P, Version 8.

Also, relevant DTNs from the TDMS have not been identified nor technical data
information forms (TDIFs) submitted for data in Versions 1.0 or 1.2., although they may have
been submitted for the same data when included in other documents. Because of this
uncertainty in the qualification status of significant data in those older versions, they been
defined conservatively in Table A-4 as Òexisting data,Ó as defined in the previously cited
QARD. Literature references for the data in Version 1.2 are listed in captions or as footnotes.
Material and references from Versions 1.0 and 1.2 may have changed since their original
publication.
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Table A-1 ÒRoadmapÓ table identifying where the deliverable (WP20M3)
acceptance criteria are met in the Waste Form Characteristics Report,
Version 1.3

Criteria Description Sect ion Comment

Provide preliminary degradation process
models and up-to-date supporting test data
that describe the performance, consistent
with applicable expected environmental
conditions, of commercial spent fuel and high-
level, radioactive waste (HLW) immobilized in
borosilicate glass for each applicable
performance parameter and identified in the
Waste Package Development Document
(WPDD) [BBA000000-01717-5705-00009
Rev. 1].

There are 10 sections in this update,
version 1.3. Six of the sections include
data and are in Chapter 2. Those
revised sections are 2.1.3.1, 2.1.3.2,
2.1.3.5, 2.2.1.5, 2.2.2.2, and 2.2.2.3.
The remaining four sections (3.22,
3.4.2, 3.5.1, and 3.5.2) are in Chapter 3
and contain material on model
development for spent nuclear fuel
(SNF) and HLW glass waste forms.

WPDD Performance Parameters

• Process models for cladding failure from
strain failure, delayed hydride cracking, and
mechanical failure

Section also discusses cladding dry oxidation
and chemical corrosion. Pit penetration/localized
corrosion is not addressed.

2.1.3.1

• Higher SNF oxide formation rate data 2.1.3.2

• SNF dissolution/corrosion and release data

Addresses RN concentrations in contacting water

2.1.3.5

• Glass fracture data; radionuclide (RN)
release from glass; and colloidal species

Addresses RN concentrations in contacting water

2.2.1.5 2.2.2.2
2.2.2.3

• Higher SNF oxide formation rate models 3.2.2

• SNF dissolution/corrosion and release
models

Addresses RN concentrations in contacting water

3.4.2

• Glass dissolution data/experimental
parameters and glass dissolution models

Addresses RN concentrations in contacting
water.

The HLW glass canister is stainless steel, which
has a high corrosion rate. Consequently, no
protective credit is taken for the canister.

3.5.1

3.5.2

Provide available information related to the
degradation behavior of additional spent fuel
and waste forms proposed for disposal per the
program baseline (e.g., DOE SNF, U.S. Navy
fuel, and surplus weapons-usable fissile
materials)

Information not currently available
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Criteria Description Sect ion Comment

Q and non-Q (NQA) data used and cited in this
deliverable are appropriately noted and clearly
identified.

Appendix A Significant data are identified as Q or
NQA in Table A-3 and Table A-4.

Every effort has been made to ensure that
qualified data are used in this deliverable.

2.1.3.1
through 3.5.2

Technical data contained in the deliverable and
not already incorporated in the GENISES will be
submitted, if appropriate, for incorporation.
Submittal compliance will be demonstrated by
including in this report a copy of the TDIF and
the transmittal letter to the GENISES
administrator.

Appendix A Data actually used in this report are
identified in Appendix A.

Record accession numbers and automated
tracking numbers will be included, as
appropriate, for all data used or cited in this
deliverable.

Chapters 3
through 7;
Appendix A

Accession numbers are provided in the
reference lists for sources for which
they are available. Data-tracking
numbers are provided in Appendix A for
data used.

Table A-2 Simulation codes and chemical databases used in the Waste Form
Characteristics Report, Revision 1.3

Sect ion Code Version D escription Application Qualif ied? Reference

2.1.3.5.3
3.5.1.7
3.5.1.9

EQ3/6 7.2b Thermodynamic
and reaction-
path model

Equilibrium
water
composition
and reaction-
path modeling

Yes Wolery 1992a;
Wolery 1992b;
Wolery and
Daveler, 1992

3.5.1.7
3.5.1.9

GEMBOCHS EQ3/6
V. 6

Thermodynamic
database and
maintenance
software

Derive, enter,
and test
thermo-dynamic
data files

No Wolery 1992a;
Wolery 1992b

3.4.2.3 RS/1
Explore

2.1 Data analysis
software

Multiple
regression
analysis

No;
commercial

software

BBN Software
Products,
1990

Table A-3 Summary of significant data used in the Waste Form
Characteristics Report, Revision 1.3

Data Description Reference
LLNL
Data? Related DTNs Q / N Q *

Section 2.1.3.1  Cladding Degradation

Tables 2.1.3.1-2 and 2.1.3.1-3 Siegmann, 1998 No LL981106851021.070 NQ

Section 2.1.3.2  UO 2 Oxidation in Fuel

Tables 2.1.3.2-1, 2.1.3.2-2, and
2.1.3.2-3

Figures 2.1.3.2-2 and Figures
2.1.3.2-9 through 2.1.3.2-13

Hanson, 1998 No LL980608251021.046 Q
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Data Description Reference
LLNL
Data? Related DTNs Q / N Q *

Section 2.1.3.2  UO 2 Oxidation in Fuel (continued)

Figure 2.1.3.2-1 and Figures
2.1.3.2-3 though 2.1.3.2-8

Figure 2.1.3.2-A.1 through
Figure 2.1.3.2-A.23

Hanson, 1998 No LL980601851021.044 Q

Section 2.1.3.5 Dissolution Radionuclide Release from UO 2 Fuel

Table 2.1.3.5-1 Wilson, 1984 No LL980710651021.049 Q

Table 2.1.3.5-2 Wilson, 1990 No LL980710651021.049 Q

Data on pages 2.1.3.5-5 and
2.1.3.5-6

Wilson, 1990 No LL980710651021.049 Q

Tables 2.1.3.5-3 and 2.1.3.5-6 Gray, 1998 No LL980711051021.048 Q

Table 2.1.3.5-4 Steward and Gray, 1994 Yes LL980601551021.042 Q

Table 2.1.3.5-4a Gray, 1996; 1998 No LL980704251021.045
LL980711051021.048

Q

Table 2.1.3.5-5 Steward and Mones,
1997

Yes LL961210151021.027 Q

Tables 2.1.3.5-7 and 2.1.3.5-8 Wronkiewicz et al., 1996 No LL980710651021.049 Q

Tables 2.1.3.5-9 through
2.1.3.5-13

Finn et al., 1997 No LL980710651021.049 Q

Tables 2.1.3.5-14 through
2.1.3.5-22

Finn et al., 1997 No LL980710551022.012 Q

Section 2.2.2.2  Dissolution Radionuclide Release from Glass

Table 2.2.2.2-1 Finn, 1997 No LL980710651021.049
LL980710551022.012

Q

Tables 2.2.2.2-2 through
2.2.2.2-5

Finn, 1997 No LL980710551022.012 Q

Figures 2.2.2.2-1 through
2.2.2.2-10

Finn, 1997 No LL980913251021.060 Q

Section 2.2.2.3  Soluble-Precipitated/Colloidal Species

Table 2.2.2.3-1 Finn, 1997 No LL980710551022.012 Q

Section 3.2.2  Oxidation Models

Tables 3.2.2-1 through 3.2.2-11 Version 1.3 of this report Yes LL980912451021.055 Q

Figures 3.2.2-6 through 3.2.2-8 Version 1.3 of this report Yes LL980912351021.054 Q

Figures 3.2.2-9 through 3.2.2-34 Version 1.3 of this report Yes LL980912451021.055 Q

Section 3.4.2  Spent-Fuel Dissolution Models

Tables 3.4.2-5 through 3.4.2-7 Version 1.3 of this report Yes LL980912251021.053 Q

Figures 3.4.2-1 through 3.4.2-4

Figures 3.4.2-6 through 3.4.2-8

Version 1.3 of this report Yes LL980912251021.053 Q
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Data Description Reference
LLNL
Data? Related DTNs Q / N Q *

Section 3.5.1  Experimental Parameters for Glass Dissolution

Table 3.5.1-1 Knauss et al., 1990 Yes LL980710651021.049 Q

Table 3.5.1-3, Table 3.5.1-5,
and Table 3.5.1-7

Version 1.3 of this report Yes LL980710651021.049 Q

Table 3.5.1-10 Version 1.3 of this report Yes LL980710651021.049 Q

Figure 3.5.1-3 Delage et al., 1992 No LL980710651021.049 Q

Figure 3.5.1-8 Fortner and Bates, 1995 No LL960101651022.008 Q

Figure 3.5.1-9 Version 1.3 of this report Yes LL980710651021.049 Q

Section 3.5.2  Glass Dissolution Models

Figure 3.5.2-2 Bourcier et al., 1990 Yes LL980912551021.056
LL981010251021.063

NQ

Figure 3.5.2-4 Bourcier et al., 1994 Yes LL980608351021.041
LL980912551021.056
LL980912551021.057
LL981010451021.065
LL981010551021.066

Q

Figure 3.5.2-5 Bourcier et al., 1992 Yes LL980912551021.056
LL980912551021.057
LL981010651021.067

Q

Figure 3.5.2-6 Bourcier, 1997 Yes LL980912551021.056
LL981010751021.068
LL981010851021.069

Q

* The Q/NQ status of the significant data is identifed in the TDIFs associated with each DTN.

Table A-4 Summary of significant data used in the Waste Form Characteristics
Report, Version 1.2

Sect ion QA Status of Significant Data

1.   Introduction No Significant Data

2.  Design Data for Waste Forms

2.1.1 and 2.1.2 Existing data

2.1.3.1 and 2.1.3.2 See Table A-3

2.1.3.3 and 2.1.3.4 Existing data

2.1.3.5 See Table A-3

2.1.3.6 and 2.1.3.7 Existing data

2.2.1.1, 2.2.1.2, 2.2.1.3, and 2.2.1.4 Existing data

2.2.1.5 See Table A-3

2.2.2.1 No significant data

2.2.2.2 and 2.2.2.3 See Table A-3

2.3.1 and 2.3.2 Existing data
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Sect ion QA Status of Significant Data

3.  Scientific Basis for Predictive Model Development

3.1.1 Existing data

3.1.2 No significant data

3.2.1 Existing data

3.2.2 See Table A-3

3.3.1 and 3.3.2 Existing data

3.4 and 3.4.1 Existing data

3.4.1.1 Existing and qualified data*

3.4.1.2 No significant data

3.4.1.3 Existing data

3.4.2 See Table A-3

3.5.1 and 3.5.2 See Table A-3

3.6.1 Existing data

3.6.2 No significant data

3.6.3 Existing data
* See Section 2.1.3.5 (Table A-3) for additional and up-to-date spent-fuel and UO2 dissolution data, and see

Section 3.4.2 (Table A-3) for models.

References

BBN Software Products (1990). RS/Explore (Version 2.1). Cambridge, MA: BBN Software
Products Corporation.

Bourcier, W. L. (1997). ÒAffinity Functions for Modeling Glass Dissolution Rates.Ó In
proceedings from CEA-Valrho Summer Workshop. M�jannes-le-Clap, France:
August 31ÐSeptember 7, 1997. Also UCRL-JC-131186 for Lawrence Livermore
National Laboratory, Livermore, CA. [MOL.19980109.0260]

Bourcier, W.L., S.A. Carroll, and B.L., Phillips (1994). ÒConstraints on the affinity term for
modeling long-term glass-dissolution rates.Ó In proceedings from Mat. Res.
Soc. Symp. 333:507Ð512. Also UCRL-JC-116132 for Lawrence Livermore
National Laboratory. [NNA.19940516.0093]

Bourcier, W.L., H.C. Weed, S.N. Nguyen, J.K. Nielsen, L. Morgan, L. Newton, and K.G.
Knauss (1992). ÒSolution compositional effects on dissolution kinetics of
borosilicate glass.Ó In proceedings from Seventh Annual Water-Rock
Conference. p. 81Ð84. [238352]

Bourcier, W.L., D.H. Peiffer, K.G. Knauss, K.D. McKeegan, and D.K. Smith (1990). ÒA
kinetic model for borosilicate glass dissolution based on the dissoluton affinity
of a surface alteration layer.Ó In proceedings from Scientific Basis for Nuclear
Waste Management XIII. Materials Research Society. 176:209Ð216. (1989:
UCRL-101107) Livermore, CA: Lawrence Livermore National Laboratory.
[NNA.19900522.0148]



Appendix A

Waste Form Characteristics Report—CD-ROM Version A-7
UCRL-ID-132375 (Version 1.3 of UCRL-ID-108314)

Delage, F., D. Ghaleb, J.L. Dussossoy, O. Chevallier, and E. Vernaz (1992). ÒA mechanistic
model for understanding nuclear waste.Ó J. Nucl. Mat. 190:191Ð197.

Finn, P.A., D.J. Wronkiewicz, R.J. Finch, J.C. Hoh, J.W. Emery, E.C. Buck, J.A. Fortner, S.F.
Wolf, L.A. Neimark, and J.K. Bates (1997). Yucca Mountain ProjectÑArgonne
National Laboratory, Annual Progress Report, FY 1997. (ANL-98/12) Argonne,
IL: Argonne National Laboratory. [MOL.19980818.0230]

Fortner, J.A., and J.K. Bates (1995). Long-term results from unsaturated testing of actinide-doped
DWPF and WVDP waste glasses. (UCRL-CR-122614; DE960072159; B-291561)
Livermore, CA: Lawrence Livermore National Laboratory, and Argonne, IL:
Argonne National Laboratory. [MOL.19960418.0084]

Gray, W.J. (1996). FY 1996 Letter Report on Spent Fuel Dissolution Studies. (Informal YMP
Status Report) Richland, WA: Pacific Northwest National Laboratory.
[MOL.19970114.0282]

Gray, W.J. (1998). Letter Report on Spent Fuel Dissolution Rates as a Function of Burnup and
Water Chemistry. (Informal YMP Status Report, PNNL-11895) Richland, WA:
Pacific Northwest National Laboratory.

Hanson, B. D. (1998). The Burnup Dependence of Light Water Reactor Spent Fuel Oxidation.
(PNNL-11929) Richland, WA: Pacific Northwest National Laboratory.
[238459]

Johnson, J.W., E.H. Oelkers, and H.C Helgeson (1992). ÒSUPCRT92: A software package for
calculating the standard molal thermodynamic properties of minerals, gases,
aqueous species, and reactions from 1 to 5000 g=bars and 0 to 1000°C.Ó
Computers and Geosciences. 18:890Ð947. [234273]

Knauss, K.G., W.L. Bourcier, K.D. McKeegan, C.I. Merzbacher, S.N. Nguyen, F.J. Ryerson,
D.K. Smith, H.C. Weed, and L. Newton. (1990). ÒDissolution kinetics of a
simple nuclear waste glass as a function of pH, time, and temperature.Ó In
proceedings from Mat. Res. Soc. Symp. 176:371Ð381. [NNA.19891206.0279]

Siegmann, E. (1998). Waste Form Degradation and Radionuclide Mobilization Preliminary TSPA,
Section 2.7. Las Vegas, NV: Civilian Radioactive Waste Management System,
Management and Operating Contractor. (B00000000-01717-2200-0199)

Steward, S.A., and W.J. Gray (1994). ÒComparison of Uranium Dissolution Rates from Spent
Fuel and Uranium Dioxide.Ó In proceedings from Fifth Annual Intl. High-Level
Radionuclide Waste Management Conference. Las Vegas, NV: May 22Ð26,
1994. 4:2602Ð2608. (Also UCRL-JC-115355 for Lawrence Livermore National
Laboratory, Livermore, CA). [210933]

Steward, S.A., and E.T. Mones (1997). ÒComparison and Modeling of Aqueous Dissolution
Rates of Various Uranium Oxides.Ó In proceedings from Materials Research
Society Fall Meeting: Scientific Basis for Nuclear Waste Management XX. W. J.
Gray and I. R. Triay (Eds.). Boston, MA: December 2Ð6, 1996. 465 557Ð564.
Also UCRL-JC-124602 ( 1996) for Lawrence Livermore National Laboratory,
Livermore, CA. [MOL.19971210.0278]

Wilson, C.N. (1984). Results from NNWSI Series 1 Spent Fuel Leach Tests. (HEDL-TME 84-30)
Richland, WA: Hanford Engineering Development Laboratory.
[NNA.900216.0070]



Appendix A

A-8 Waste Form Characteristics Report—CD-ROM Version
UCRL-ID-132375 (Version 1.3 of UCRL-ID-108314)

Wilson, C.N. (1990). Results from NNWSI Series 3 Spent Fuel Dissolution Tests. (PNL-7170)
Richland, WA: Pacific Northwest National Laboratory.
[NNA.199000814.0048]

Wolery, T.J. (1992a). EQ3/6, A Software Package for Geochemical Modeling of Aqueous Systems:
Package Overview and Installation Guide. (UCRL-MA-110662) Livermore, CA:
Lawrence Livermore National Laboratory. (part 1) [NNA.19921023.0028]

Wolery, T.J. (1992b). EQ3NR, A Computer Program For Geochemical Aqueous Speciation-
Solubility Calculations: Theoretical Manual, UserÕs Guide, and Related
Documentation. (UCRL-MA-110662) Livermore, CA: Lawrence Livermore
National Laboratory. (Version 7.0) [NNA.19921218.0010]

Wolery, T.J., and S.A. Daveler (1992). EQ6, A Computer Program for Reaction Path Modeling of
Aqueous Geochemical Systems: Theoretical Manual, UserÕs Guide, and Related
Documentation (Version 7.0). (UCRL-MA-110662) Livermore, CA: Lawrence
Livermore National Laboratory. (part 4) [MOL.19980218.0570]

Wronkiewicz, D.J., J.K. Bates, S.F. Wolf, and E.C. Buck (1996). ÒTen-Year Results From
Unsaturated Drip Tests With UO2 at 90°C: Implications for the Corrosion of
Spent Nuclear Fuel.Ó J. Nucl. Mater. 238: 78Ð95. [MOL.19971218.0965]



Technical Information Department . Lawrence Livermore National Laboratory
University of California . Livermore, California 94551


	Table A-1
	Table A-2
	Table A-3
	Table A-4
	References

	TOC button: 


